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~lllhcr¢ is cousiderable discussion today about imple-necessaz7 to protect the cl~sigz~cd ]~aeficial uses of the
¯ mendng the "wam~shed ~.h" for point andwatez~ody independent of the natu~ o~ the som’ce, i.e.
,~ nonpoint so~w.es oflmllutants in a z~-gion. Thez¢ is,point or nonpoint, agric~llgre, industry or maoa~, etc.

however, considerable confusion about wha~ is meant by As discussed by Lee and 3ones-Lee (1995a,b), in
the "wammhed approacJa" in wamr quality management,assessing wat~ qmlity use impahmz=t it is
There is even grea~r conffision on how the watemhedto assmne that an exceedanc¢ ofa wa~ qtudity criterion
agproach should be " .m~lement~d. U.S. EPA ~or standard r~resents mzch a ase ~,,~. ~,~,~t. U.S. EPA
1994) has adopted a Watershed Protection AgpmacJawater quality criteria and ~tate standazfls based on these
which puzpom to promote integration of wamr quaIitycriteria az= d~sign~ to Ixomct aquafi.c life and other
problem solutions in surgace wate=, gzotmfl waters andbeaeficial uses under pIa~sible womt-case or near worst-
habitam of concern on a watemhed basis. Accozding tocase conditions. It is indeed raz~ that those conditions
Pendascpe, the Wate.-~hed Pmt~ion Approach is anoccur. "L’his leads to "administrative exceedances" of
essential pziodty for U.S. EPA’s Water Program, how-wate~ qo~lity standazds that do not z¢pr~ent nml use
ever little guiclance is given on how th~s approach is to beimpairments bu~ instead zgflect the inability of the z~-~m-
implemented so that i= properly add~sses the mm~ge-latory agencies to d~ve!op and impleca~t water q~lity
ment of real water quality problczns-dedgnated use ira-critezia and standards that will tmotect ~es without
palnnem within a wazcmhed without significant waste ofdgnificant ove~-mgulmion of the chemical consfim~ts
public and private funds controlling chemical consfitu-in a watershecL
ents fzom point and nonpolnt souz~es that bare little or no It is important tha~ thorn zcspondble for implement-
impact on the cl~ignated beneficial uses of waters. This_ing dm watershed appmachzecognize that all sondes of a
proper smmmadz~ some of the ismes dmt need to beirarticulartypeofche~calccmdment, such as coptmr or
consid~-¢d in developing a technically valki, cost-effec-phosphorus, do not contzitmte thatchemicalconstimentto
tire watched approach for managing water qusIity in athe watedxxty tJa~ impacts designated benefidal uses to
zegion focusing on the importance of prepay incorpo-the same degreeper unit total concentz~ion. CoPt~ftom.
rating aquadc chemistry and aqtmdc toxicologyofchemi-automobile brake linings/tmds in urban storm wa~er nm-
cal constituents tha~ are to be managed in ~ waze=hed-off will be sigz~candy different in its poteadaliz~act on
based approach, zece~iving water qmdity than copper fzom copp~ ml~ate

used to control algae in a wamr s~pply zeservoir o~ the
copper tlmt is used to kill zoots that have p~em~d a

Implementation of the Watershed sa~tarysew~rsystem.honecase(thebrakelin~gs/pads)
Al proach the coworigina  as an muice em tth tis

able mad non-toxic to aquatic life. Tn the othe~ cases, the
Awatex~ed a~roac~a shonld b~ ad~ted wheres~e~fic form of co~r (co1~l~=suLr~a~) is clesigued to be

bothpoint nndnonpoint som-cecEschazge~s wor~ with thehighly toxic to plant iife. Befox~ it is assumed that all
x~gulatory agencies to evaluate the ~ water qualkysources of copp~ to a waterbody have equal adverse
pcoblems in a pax~culm: wate~edy. ~ the x~ wateriz~acts on the beneficial uses of the wa~bedy
query problems-use impainzzent bare been ideaxt~edtionai to the total concenU-a~on of chemical constituents,
thentbesi~:~csource(s)ofthespe~EcpoLlutantform(s)sit~-sl:~:ifc studies should be conclu~d to �l~termine
that is z’es~nsible for use iz~alz-ment should be x~uiredwhether this tmexp~cted situadon is occuzx’ing. These
to control the input of the pollutants to the ~gmestudies would focus on the use of aquadc life toxicity
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1004 Watershed

te~ng using organisms tha~ are known to be highlyPollutant Trading
sensitive to copper.

The assumption that all sources of copper or other As part of developing the wazershed a~/~roach
che~c~l constituents am of equal adve~e in~act isthere is discussion of"pollutant" wading, wh~ one
strongly contraxy to aquatic chemistry and aquadc toxi- soume ofpollutants in a watershed could be conm311ed
cology. Based on the anthors’ experience it will be to agreamrd~meatlesscostthanm~/airedhasedon
indeed rare, if ever, that all suttm~ of copper, phospho-allowed total maximum daily loads, thereby enabling
ms, or for that mav.er other chemical c~nstitaents, will another suur~e ofthe sun~ cAu~aical constimentin the
have equal adverse impact per unit total concentration ofsame wamrshed to control the chemical constituent to
a chemical constimont on the desigusmibeneficial usesa lesser degx~e. Them am a number of examples of
of a waterbody. It is, therefore, important in deveioping warn’shed-based nutzieat wading programs that have
a watershed approach for wamr quality management to been and/or am being developed today that have sig-
focus pollutant control on those chemical constituentsnificant technical problems with the way in which the
that are actuany significantly impairing the designated"poLlutant" (nutrient) trading has been established.
be~eficial uses of the waterbody(s) within and down- Hart andHowett (1994) ha.re discnssed"pollut-
stream of the watershed. This is the technically valid,ant" (nutrient) tradingin the Tar-Pamlico River Basin
cost-effectiveappmachthatshouldbefollowedinimple-of North Carolina. "l’hey point out that rather than
menting the watea~hed approach, requiring point suume di~harge~ to remove nu~onts

¯ to a greater degx~e than enrmatly being a~hieved, that
the use of the funds that could be devoted to nuwient

Pollutant Versus Chemical controlforpointsourc discharges couldbeusedmom
Constituent effectively to conmal nutrients from nonpoint dis-

charges. However, the Hall and Howett dispassion
Significantproblemsexisttodayinthewamrqual- fails to a~ktress one of the most important issues in

ity m~nagement field because of a failure to recognizeeutrophication management, namely that various
the difference between po//u:an~ and chem~a! con- sources of nutrients, especially phosphorus from
s~ituen~s. Chemical constituents a~eanychemicals addedPOTWs and a~icultural land nmoff, contribute algal
to water, Ln-espective of the impact. Pollmants by tradi- available phosphorus to a waterbedy to a significuntly
tion and national x~-gulations am those constituents thatdiffe~nt degree per unit total phosphorus concentra-
a~ present in a water in sufficient conconwafions of tion.
available/toxic forms for a sufficient duration to ad- This is a common, widespread problem that is
versely impact th~ designated beneficial uses of theoccurringtodaywiththeimplementationofthewater-
waterbody, shed approach where those ~Vonsible for developing

To assttme that poLlntants and chemical constiva- such programs fail to properly incorpora~ tenable
ents am the same, as is som~imes done, can be andevaluation of the aquatic chemistry ~nd aquatic toxi-
ūsually is highly wasteful ofpublic and Iziva~ funds in cology of the chemical constituents of concern fi’om

especiallymmasattemptsa~madetocmtmlpollutantsand Jones-Lee (1992), ponutant trading programs
fz~m nonpoint sources. In onler to d~tennine whether a should be implemented where it can be shown that
chemical constituent is a pollutant it is necessary toeachofthesoumes ofchemicalconstituentswhicha~
develop a site-specific undem~ding of the aquatic -to be waded contribute chemical constitoents in the
chemistry and aquatic toxicology of th~ chemical con- same specific chemical fo~ns and amounts to the
stituent of concern as wen as the key compononts of theoverall waterbody of concern and the~by enable an
designated beneficial uses of a waterbody, improvement in the d~ignated beneficial uses to de-

Lee and Jones-Lee (1995c) have discussed that veiop to the same degx~e based on the conm31 of the
every chemical is toxic to aquatic life and man at some pollutant of concern fzom either source to the same
concentration and duration of exposing. The primarydegree. This situation will almost never occur for
issue in water polhaion control fi’om various point and potentially toxic chemical constituents such as heavy
nonpoint sources in apanicularwatershedis the evalu-metals, organics, nulzients, and other chemical con-

" ation of the concentrations of the chemical constim- stituents from point and nonpoint sources. It is highly
ents in the discharge/runoff that are, because of theirunlikely ~hat it will ever be poss~’ble to reliably wade
chemical forms, significantly impacting the desig-pollution loads between point ~nd nonpoint sources
hated beneficial uses of the receiving waters for thebecause of the ~ces in the chemical forms/
discharge/nmoff. Paulson and Amy (1993) have sug-impacts of most chemical constituents from these two
gested that th .e.rmodynamic modeis, suchas U.S.EPA’stypes of sources without extensive pre-trade evalua-
MINTEQ model, can be used to determine the toxic tion of the actual amounts and impacts of chemical
forms of chemical constituents in urban storm water constituents from each source of potential concern.
runoff. However, such an a~proach is not .te.chnically Another potentially significant problem with
valid and will, in general, greatly over-estima~ thepollutant trading is that ponutants may adversely ira-
toxic forms of chemical constituents, such as heavypact wa~rbodies in two overall ways; near the dis- -’
metals, in storm water runoff: charge andin the overall waterbody.Ponutant trading, .
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as i~ is being discussed today, does not ade~mmly con- basin for a period of time wh~re larg~ particulate
sider localized adverse impacts near th~ discharg~ poin~forms of ch~--mical constituents ~ out. However,
on the beneficial usos ofthe wamrbedy. Localimpacts onparticulam forms of chemic~l constituents ~te gener-
large waterbodies can be quite significant to th~ publically non-toxic and non-available to aquatic life. De-
thatutilizesthebermficialusesofthewamrsn~arthepointtaution basins typically do not remove the solubl~
of discharge. This point is discussed further by Lee andtoxic forms of chemical constituents. Lee and Jon~s-
~ones-L~ (1994a) in evaluafiag the economic aspects ofLee (1995c) have discussed the importance of prop-
pollutant trading, erly selec~ug best management practices for chemi-

cal constituent control in a wat~rsh~i, including control
a~ the sours, so that the control focuses on addressing

(:ontrol of (:hemir.al f.onstRuents at water quality problems rah~r ~ wasting pub-
Source-Pollutlon Preventlon lic and priv~e funds conn’olling ch=nical constitu-

ents which have ]inle or no impact on the b~neficial
On~ of.the fr~luently advocamd components of ans~s of ~he watts in the wa=rsh~£

watershe~l management approach is pollution prevention,
i.e. the control of chemical constituents at their source.
One of the m~jor ar~s of conc~n in regul~nz urban (:onduslon
storm wa~r mnoffaud other sources of chemical constitu-
ents for a waterbody is the presence ofelevamd concentm- Waterpo]lution controlprograms shouldbe based
dons of a number of heavy me~Is and other chemicalon a war, shed manag~nt-based control program in
constituents in the storm water runoff/discln~ges that axewhich all chemical constituent sources to a wamrbody
potentially controllable at the source. Copper is o_ne of theare reliably evalu~ed as to their potential impact on the
el=nents ofgr~mst concern in urban s~orm wa~r nmoff,designamdbeneficial uses ofawambody. The focus of
Coppor and many other heavy metals are presentin urbanthe watershed approach should be on protection and,
storm water runoff at concentrations considerably abovewhere degraded, enhancement of the designamd ben-
U.S. EPA wamr quality criteria. It has b~n found t~mt oneeficial uses of the wamrbody. For aquatic life-related
of the principal sources of copper is its use in brakeuses, the focus should be on the numbers, types, and
liningslpads for some types of antomoblles. This has led~cs of desirable aquatic orgau~ns. The
som~tocallforonppersourcecon~rolbyrequiringthatthemechanical approach that is being ~Iopmd today in
nmnufacv.tu~ of brake linings/pads stop using coppersome wam’shed approaches for water quality man,’~g~-
wher~ som~ other mamrial would be substituted for thement of considering all chemical constituents from all
copper ~ is being used today. Num~uus studies havesources of equal impact on the designamd be~ficial
shown, however, that the heavy mmais, including copper,uses per unit total chemical constituent concentration
in urban storm water runoffam not a source of toxicity toderived from tl~ source is ~:hnically invalid. In imple-
aquatic life (s~ Mangamlla, 1992). menting the wa~rshed approach, proper evaluation of

¯ Them a~ significant questions, the~fore, aboutthe ch~nical constituent aquatic chemisu’y and aquatic
whether voluntary or imposed national or regional banstoxicology as it nmy impact the designated beneficial
ontheuseofcopperinbrak¢llnings/padsisunappmpriamuses of a waterbody must be made in order to avoid
best nmnagem~nt practice for storm wa~r runoff waterwasm ofpub]icandpriva~ funds inconu’ollingchemi-
pollution control. While adoption of this approach wouldcal constituent inputs that am not adversely impacting
likely reduce som~ of the administrative e~xceedances ofwa~r quality within the warn’shed and downstream
copper at some locations, such as for San Francisco Bay,the~of.
it wouldnot likely add~ss any real wamr quality problems Pollutant trading should be based on the uzding
(use impairment) associamd with the presence of copperof zeal pollutams, i.e., those that impact designated
in storm wamr nmoff~o the Bay or its tn~bumries. Further,beneficial uses at a particular location in a wam~body.
since sonm other nmmrial will have to be substituted forConsider’,ttion should be given to wamrbody-wide
copper, concern should be raised on the potential publicfects as well as those that can occur near tbe point of
health and ~nvimnm~ntal impac~ of the substitute mare-dischasge/nmoff.
rial.

In formulating a point and nonpoint source chemi-
cal constituent control program, it is impormut to re]i-References
ably evaluate the aquadc chemistry and aquatic toxicol-
ogy ofthe chemical constitu~nts tha~ are to be controlledHall, J.C., and Howett, C.M. (1994).
through best management practices. It is also important T,,r-P~i¢o. Wa~r Environment & Technof
to understand that the cunv~ suim of stmcau-al best ogy, 6(7):58-51.
management practices, such as detention basins, grassyLe~, G.F., and Jones-L~, A. (1994a). W~rer
swales, etc., we.~ not based on a technically valid i.v#,,ea in polb,~o~,u ~ro~ng. Submitted forpubli-
assessment and that their implementation would solve cation in Water Resource Bulletin.
real water quality problems (L~ and Jones-Lee, 1995).Lee, G.F. and Jones-Le~, A. (1995a). Appropris~
An example of this situation is the us~ of d~tention ofnurnericehemicalwarerqualirycrirerio.Health
basins where low flow storm waters are retained in a and Ecological Risk Assessment, 1:5-11.
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Aquatic Chemistry/Toxicology in Watershed-Based                                        Definitions
’

Water Quality Management Programs
Water Quality - Impairment of Designated Beneficial Uses: Fish and
Aquatic Life, Domestic Water Supply, Wildlife Habitat, Contact

G. Fred Lee, PhD, PE, DEE and Anne Jones-Lee, PhD Recreation, Etc.

G. Fred Lee & Associates Chemical Constituent - A Chemical Added to or Present Within Water

El Macero, California Pollutant - A Chemical Constituent That Impairs the Beneficial Uses of
a Waterbody

Presented at:
Water Environment Federation Conference, Chemical Constituent ;~ Pollutant
"Watershed "96~ Baltimore, MD, June 1996

Most Chemicals Exist in a Variety of Chemical Forms, Only Some
of Which Are Toxic - Available to Impact Water Quality

Waterbody - Water Column Including the Sediments

Watershed Approach for Water Quality Management Watershed is the Area That Contributes Water to a Waterbody;
Includes Airshed - Atmosphere and Groundwater

What Should a Watershed Based Water Quality Management Approach
Involve?

All Stakeholders Working Together to Identify, Prioritize and Deficiencies in Current Watershed-Based Water Quality Management
Manage All Significant Water Quality Problems in a Waterbody and ,
Its Tributaries Current Watershed Approach for Water Quality Management Largely

Broaden the Scope of Water Pollution Control to Address All
Ignores Aquatic Chemistry and Toxicology - Real Water Quality Issues

Impairment of Uses and All Sources of Pollutants that Impair Uses Brute Force Approach

Ag No Longer Exempt from Practicing Full Water Pollution Assumes That All Forms of Chemical Constituents EquallyControl                                                           Important

Consider Both Near-Field (Near Point of Discharge-Runoff) and All Copper, Mercury, Other Heavy Metals, Pesticide.s, PCBs,Far-Field (Waterbody-Wide) Impacts Phosphate Are in Forms That Adversely Impact Water Quality
Well Known Not To Be True

Assumes All Aquatic Organism Exposure a Chronic Exposure

Aquatic Toxicology - Adverse Impacts Such as Toxicity, Excessive
Bioaccumulation, Tumors, Etc.

Aquatic Chemistry - Chemical Transformations; Kinetics (Rates) and
Thermodynamics (Energy - Equilibrium)



Aquatic Chemistry Aquatic Toxicology
of Chemical Contaminants

Gas Phase

T a                                     ===========================                . .-.-.-.:..-::.:.:::.:.:.:.:.:.-.-.-,
¯ I . ! z -:::::i

t’\ Volatitlzatlon W ’."HX.
! ! /’t Concentration

:i:i::":!’i:i-’::’:,’::’: ’:’::
AcldlBaee V V /... Photochemical of Available "" "" ""

Hydrolysis Oxidation vI Complexation
US EPA .....Y=" < ’ > X" < ¯ X,.C
Criterion

Biochemical t’,, Sorption "Transformation ,.,,,’I ^ ^ ,

/,./ Precipitation "i ~x Duration of Exposure

! !
, OX"

Exposure Associated
with Stormwater

v v Drainage
MX÷ MX"

Distribution Depends on Kinetics & Thermodynamics of
Reactions in a Particular Aquatic System

US EPA Criteria Ust 1-hr-Average Maxima and 4-day-
Each Chemical Species I~las Its Own Toxicity Average Maxima
Characteristics Not Valid for Assessing Potential Impacts of

Many Forms Are Non-Toxic Urban Stormwater Drainage

Toxic Forms Are Typically Aqueous Aquo-Species of
Metals



Humxn and J:~’ologic~d lUsk ~,~scss,~u:,,t:

What Makes a Chemical Constituent Deleterious to
Water Quality - Beneficial Uses?

Aquatic Toxicology and/or Bioaccumulatlon App priate Use of Numeric Chemical
Organism Sensitivity to Potential Adverse Impacts

Acute a.d Chronic Toxicity Concentration-Based Water quali  Criteria
Duration of Exposure

Aquatic Chemistry
G. Fred Lee =nd ~me~ones-LeeChemical Reactions That Determine the Composition and Specific

Chemical Species Present G ~ ~ ~z~ 27298 ~ ~ ~o D~y& ~ ~ ~ 9~618-1~5 U~
Factor Controlling Composition and Changes in Composition
Kinetics (Rates} and Thermodynamics (Energy - Equilibrium}

]NTRODU~ION
]n~s~g a~cndon is ~g ~vcn to ~� ~st-~e~ness o~chemi~ con~minnnt

con~l p~ ~~ to ~d~ t~d~ to aquadc ~e ~ ~e ~te~lumn and
TechnlcalIy Appropriate Use of Water ~uallty Crlteda and Standards segment, ~d ~ bioa~on of~n~ in aqua~c ~�. E~uation ond

US EPA Water Quality Criteria and State Standards Numerically Equal" ~n~l o£ ~ze~ ~n~ ~ ~ne~y £~ on eith~ ~� eff~s of the

To These Criteria Are Based On Worst-Case or Near Worst-Case ~n~O on aqua~c grams (biol~ effects-b~ app~ch~), or on
~ssumptlons With Respect To Impacts On Aquatic Organisms ¯ ~nccn~ons of~du~ ~i~ ~n~n~ ~dz ~~o~ to ~e~ impact

Chronic Exposure to 100% Available Forms Owing to ~eir comp~ti~ s~p~ci~ and ostensible ease of app~cation,

Rarely Will These Conditions Occur chemic~ ~ncen~afion-b~d state ~ter qu~ stand~ds based on or equi~ent to
US EPA numeric water qu~ criteria ~ ~ng inc~ingly ~licd u~n

Not To Be Exceeded For More Than Once In Three Years At the Edge ~dcpcndcnfly appGcable ~to~ tooh ’for the as~ssment, protection, ~n~or
Of Mixing Zone ’ �~c~ent ofdesJ~ztcd benefid~ uses ofaquntic s~tems. However, the present-

Leads to Significant Over-Estimation of Both Near-~eld and Far- da~ use of su~ ~Jtcriz ~d st~d~ I~gely ignores the aqueous cn~ronment~
Field Impacts chcmJst~ ~d to~colo~ of ~nt~inan~, the woad;case or ne~-wo~t-cuse

fo~dat[on o£those ~iteria, ~d ~e fz~ ~at ~e~ is a la~
Chemical Specific Water Quality Criteria and State Standards Should ~or w~ numeric concentra~on ~iteria do not ~st. Each of these factorsBe Used to Indicate Potential Adverse Impacts

~minishes ~� re~ab~ of~e ~lation ofchcmi~ concent~tiom to impacts
Allow Discharger and the Public To Determine If Exceedance Of on square or~nism~ene~ci~ uses o£water, and tends to make them more stringent
Standards Represents a Real Impairment of Water Uuality th~ ne~sa~ to protect designated ~ne~d~ uses ofwate~. That no~Jthst~nding,

~e US EPA has adopted the ~ of Independent App~cabili~ for chemic~IImpairment of Uses or an Administrative Exceedance
concen~tion criteria in which chemic~-speci~c concentration v~u~ ~e ~pplied
indc~ndent of biologicd effec~-b~ed appma~es for re.fating "water quOiT".
They ~� presumed to ~ independend~ reliable e~n when the~ indicate
that is not supported by biologic~ �ffects-b~ed approaches, such 3s toxici~ testing
~d ac~ m~s~emen~ ofbioa~6on e~uat~ on a site-s~ific basis.



Independent Applicability of ChemicalInappropriate Regulatory Approaches

US EPA Independent Applicability Policy and Biological Criteria/Standards and
Contrived to Ea,e Administration of Water Quality Standards itvTechnically Invalid Effluent Toxic Testing
Requires Compliance With Chemical Specific Standards For
Potentially Toxic or Bioaccumulatable Chemicals Even if Site- O. Fred Lee. Ph.D., RE. and Ann= Jones-Lee, Ph.D., G. Fred Lee & Associa~eslEnviroQu=! ,El Mature. CA

Specific Investigations Show That the Constituents Of Concern ,
Are in Non-Toxic Forms and Excess Bioaccumulation is Not The National EnvironmentalJoumal
Occurring 5(1 ):60-63 (1995|

!)85 h~e U.S. Environmental Protection Agency (EPA)
Leads to Gross Over-Regulation and Potentially Massive tdvocated atwo-ptttaplxoachforwaterpolluttoncontml
Waste of Public Funds in Regulating Urban Area, Highway and involving chemical concentratlon-based effluent limits for those parantetez3 for which water quality criteda had been de~l-
Rural Stormwater Runoff ot~d and toxicity test-based effluent limitations. ~ chemtcaJ-$peciflc component was designed to prevent exceedances of

water quality criteda values in ambient waters receiving point and non-point source dlschltges or nmoff; the water quality
Must Focus Watershed Approach for Water Quality crimi= were, in large part. developed to be chron|c-exposu~ sate concentradms f~’sensidve aqutdc organisms. The toxic-
Management On Toxic Available Forms Where Toxicity and I~, test component was dedgned to indicate potendd toxicity effect~ associeted wilb = Klivi~, to account for the possible
Actual Bioaccumulation Are the Primary Tools Used for ~re~ence~at~xjc~ndn~n~thatd~dn~h=ve~w~t~q~ycrked~dt~r~v~de~~f~s~-$~F~
Defining Water Quality Impacts i.~ of the chemical-specific critefla for synergism, antagouism, chemical availability, and exposure dtuadom~

Independent Applicability Policy Should Be Terminated EPA has since expanded Its recommended approaches to ¯ Shod-term chrontc toxidty reeling of the walers In the
Include ¯ direct measure of biological characterlsllc$ region .s~wed no aquatic 1as tmdcity, but ~"
(bk~:al criteria) of surface waters.-T~e Idologk~ ~edā  Numeric water qual~ crJteda (o~ standards equivalent to
foc~ on the numbers, lypes and characteristics of organisms them) were exceeded.

~ IXe~enl dowfl~troam el a discharge or runolf compared with At that time. EPA stated that even under such ~.
the numbers, types and charac~edst~c= expe~ed based o~ clrcumsmx~ th~ discharger o~ ~ume o~ runoff would have
the aquatic lifo h~bltat characteristic=. A numb~ o# states to Implement conlm~ pmTam= to eltn~nate the exceedancel
h~ve developed b~ cdted= and hive been udng Ihem of the w8tei" quality criteria or standards, or change the
in water poaulton contro~ programs, standards. It was mpo~ed Io be EPA’I position under the

At a 1992 EPA wod~hop on waler quallb/.criteria IrKI =tan- po~y o~ independent apptk~ to require that $1te.,=pecifk~
dard-. EPA representatives revealed that the Agone/wo~ld water qtmllly cdtlda or itlndlrd~ be developed In order to
Icon be releasing a position paper announcing the policy o! ~ustl~y nol com~ w~h EPA’| wller quallly cdteda, o~ rno~e
"Independent Apldicablllty." The June 1 g92 I=lue o] EPA°$ ptop~ly. =tlt~ =tandlud= equlva~N to Iho=e
"Newsletter Water Quality Crllerla & Standards," however, It II ippropd~le to qu~tk)n Itm apfxoprlatenes= el requiring
stat~l that India Appllcabl~y I= EPA’= present position, di~erl ~nd ~fate mgufak~j agenc~e~ Io develop
and It i$ delailed in several document==. That Inconsistency ctflc waler quality Itandar~ in respo~e Io lh=t ~.enado (I.e.. a
nolwRhslandlng. Ihe polio), and/or pracllce o! Independent situation in wldch # had been shown Ihat thee was no aquatic
applk~blllty and it,= ramifications for water pollution conlro~ In life toxlcJty In lhe I~ waterl for lh~ d~runolf and
t~e =~try truly desewes a thorough examlnatk~., the pop~atlons o~ m~ life Jr, the region el expected knpact

were what would be expected based o~ habitat charactedstk:s).
The ProbJem with Xndependcnt Applicability There have been few attempts to develop site-specific water

~luatlty standards as o~tllned Jn ~:PA’s Water Quality Crlteda
According to EPA In t g92. the three above-mentioned Han~tx,:~ As 8 co~seq~mce of the state of Calilorrda Water

regulatory approaches for the regulation of toxk:s wo~ld be Resources Control Board’s adoption G| t=PA criteria as state
applicable to 811 waters, and the approach that was most water quallly objectives (standards) In April t99t0 a number of
"sensfltve," (most limiting) for a paflJcu~ar waterbody woeld studies have been undeflaken in California Jn an effort to
guide management. Thls led to many questions about how develop slto-speclll¢ objectives. More than $300,000 were
tam policy wou~d handle 8 situation in which: spent In such cited In the San Frandsco Bay area; more than
¯Biological stud, s of the receiving wafers showed hea/lhy $1.1 m~gion were spen* In ef~ods Io develop sile-specilJc

and wholesome fish and other squeak: life poputatloos, the de/standards for the Santa Aria River Jn southern California.
same as those that wou{d be expected based on habtlat However, as discussed be~ow, the lunds spent In trying Io
characteristk:s, and devek)p sife-speci~ic wafe~ qualty objecftves re( copper in San



Watershed Approach for Managing San Francisco Bay Copper All Sources of Copper Are Not of Equally Toxicity
A Watershed Approach Gone Awry

Cu - Metal - Some Auto Breakpads
Exceedance of National Copper Water Quality Standard - 2.9 pg/L Cu2÷, Cu(H20)e2÷

CuOH÷, Cu(OH)2, CuCO3
Developed Site-Specific Standard Based on Water Effect Ratio CuO, CuCO=.
Approach - 4.9 pg/L Cu organic, Cu-humates, Cu-EDTA, Etc.

Find 10 to 15 IJg/L Soluble Copper in San Francisco Bay Waters Models - MINTEQ Not Reliable to Predict Toxic Forms

Because of Independent Applicability Must Develop Waste Load Soluble Copper-Some Non-Toxic
Allocation and Total Maximum Daily Loads (TMDLs)

Must Use Toxicity Measurements and TIEs To Determine If Copper In
"Phased Approach" Adopted Because of a Lack of Understanding a Water Sample Is Toxic
of the Relationship Between Copper Loads and Copper
Concentrations in Bay Waters

Phase I - All Dischargers Reduce Total Copper Loads by 20%
Watershed Approach for Managing San Francisco Bay Copper

Copper Sources For South San Francisco Bay: Treated Wastewaters Where Is The Problem?
15%, Auto Brakepads 35%, Other Runoff Sources - Urban and
Highway Stormwater and Mine Waste 50% Extensive Toxicity Measurements of San Francisco Bay Waters Over

Three Years Have Shown No Toxicity Due to Copper or Other
Constituents to Several Highly Sensitive Aquatic OrganismsEach Source of Copper Must Reduce Copper Input to Achieve

TMDLs Used the Same Organism and Test as Was Used to Establish the
’ Water Quality Criterion - No Toxicity FoundAll Sources of Copper Considered Equally Harmful

Exceedance of the Water Quality Standard is an AdministrativeIgnored the Role of Bay Sediments as a Source of Copper to Exceedance Due to Overly Protective Standard (Worst-Case) and
the Water Column During Storms Inappropriate Regulatory Approach (Independent Applicability)

If All Copper Inputs From the Watershed Terminated, the Could Cause Stormwater Dischargers (Municipalities) to Spend Over
Soluble Copper Concentrations in the Bay Will Be Exceeded One Billion Dollars Treating Urban Area and Highway Stormwater
for More Than Once in Three Years~ i.e., Will Still Have Runoff to Achieve Copper Water Quality Standard in Bay Waters
Exceedance of Water Quality Standards

No Beneficial Uses of the Bay are Expected to Result From Such
Phased Approach Technically Invalid Must Have an Expenditures
Understanding of the Relationship Between Copper Loads
and the Resultant Concentrations Also Must Consider Example of Inappropriate Watershed Approach That Fails to Properly
Sediments in Evaluating Exceedance of Water Quality Incorporate Aquatic Chemistry and Toxicology
Standards



Santa Monica Bay Stormwater Runoff Pollutant Trading For Control of Toxicity

Santa Monica Bay Restoration Project Adopted the Watershed Metals and Some Organics Are Of Concern Because of Potential
Approach for Managing 22 Chemicals That are Transported Into Santa Toxicity or Bloaccumuletion
Monica Bay in Stormwatar Runoff Should Trade Toxic Units Not Total Metals or Even Dissolved Metals

Heavy Metals Focal Point of Attention
Should Trade Bioaccumulatable Forms Not Total Concentrations

Mass Load Emission Strategy Adopted Technically Valid Pollutant Trading Will Require Site-Speclfic Evaluation
All Stormwater Runoff Sources of Metals Considered Toxic of Each Major Source of Constituents of Concern To Determine the
and Available - No Measurements Made to Verify PollutontContant
Ailumptiona

Heavy Metals Accumulate in Near-Shore Sediments of Santa Monlca
Bay - Assumed That Elevated Concentrations of Heavy Metals in
Sediments Represents Significant Adverse Impacts to Beneficial Uses Management of Eutrophication
of Santa Monies Bay Due to Aquatic Life Toxicity Eutrophication - Excessive Fertilization One of the Most Important

No Toxicity Measurements Made Causes of Water Quality - Use Impairment In the US

Require Expenditure of $42 Million Over Rve Years to Control Heavy Excessive Growth of Algae and Other Aquatic I:~ants
Metal and Other Constituent Inputs to Santa Monica Bay From
Watershed (Including City of Los Angeles and Surrounding Most Freshwater Waterbodlea Algal Growth Controlled by
Communitlea) Phosphorus

Implementation of Stormwater "BMPs" Nitrogen Important For Most Estuarine and Marine Systems and
Some Freshwater Systems Especially on the West Coast (~

Assume That Any Approach That Removes Heavy Metals in
Stormwater Runoff is a BMP for Protection of Santa Monlca W’atershed Approach to Eutrophication Management Focusing on ’~"
Bay Controlling Limiting Nutrient Input Often Tachnlcsily Invalid

Technically Invalid Approach ’ Ignores the Aqueous Environmental Chemistry of Phosphorus ~.

A BMP for Stormwater Runoff Is Valid if it Improved The Total Phosphorus Load From Some Sources is a Poor Predictor ~
Beneficial Uses of Receiving Waters of Algal Available Phosphorus

I
Heavy Metals i’n Stormwater Runoff from Urban Areas Only About 20% of the Particolate Phosphorus in Urban Area
and Highways Are In Non-Toxic, Non-Available Forms and Rural Runoff Available to Grow Algae ~1
Also Rarely Will Heavy Metals From These Areas Be
Adverse to Aquatic Life When They Accumulate In
Receiving Water Sediments

Pollutant Trading For Eutrophication Control

Phosphate From Non-Point and Point Sources Are Not Pollutants To
Pollutant Trading the Same Degree

Under TMDL Situations, Dischargers Are Required to Control a POTW Residual Phosphorus May or May Not Be Available to Support Algal
"Pollutant" to a Specified Load Growth

Some Sources Can Control the Pollutant at Less Cost Per Unit Aluminum and Iron Treatment For Phosphate Removal Produces
Mass of Pollutant Removed Than Others Particulate Iron or Aluminum Phosphates

The Discharger Which Can Mos~ Cost-Effectively Remove Filter Effluent to Further Remove Particulates
Pollutants Do So and Thereby Allow Another D~acharger to
Remove Less of Their Pollutant Load Removing Non-Algal Available Phosphorus

In a True Pollutant Trading Situatlon Must Trade Pollutants That Impact Non-Point Sources - 80% of the Particulate Phosphorus Non-
Water Quality Not Chemical Constituents Irrespective of Their Impact Available to Support Algal Growth

Consider Near-Reid and Fer-Rsid Effects Must Trade Algal Available Phosphorus Not Total Phosphorus

Evaluate Toxic-Available Forms



Water Quality Issues in Pollutant Tradingt,                                     Purpose of Water Quality Monitoring

G. Fred Lee, Ph.D., P.E., D.E.E. and Anne Jones-Lee, Ph.D. ¯ Define Water Quality Impacts of Stormwater Runoff
G. Fred Lee & Associates ¯ Serve as a Basis for BMP Selection

El Macero, CA 95618 * Establish.Basis for Pollution Source Control
(916) 753-9630 * "Compliance" with NPDES Discharge Limits

Abstract egulatory Requirements

As part of implementing the watershed approach for water pollution control, interest is
being focused on pollutant trading. ~e pollutant trading programs that have been developed Purpose - To Control Stormwater Runoff Caused Pollution - Use
thus far are based on total chemical constituent concentrations and fail to properly consider that Impairment to MEP Using BMPs
for many chemical constituent soumes and types or" chemical constituents the total chemical
constituent concentration in a source or within the waterbody is a poor measure of potential US EPA Proposed Policy - Must "Achieve" Water Quality Standards in
water quality impacts. Pollutant trading should be based on trading chemical constituents that the Receiving Waters. However, Exceedance of these Standards Does
a~e adversely impacting the designated beneficial uses of a waterbody, i.e. cause pollution, Not Constitute an NPDES Permit Violation
rather than the total chemical constituent concentrations within the various soumes for which No Need for Traditional End-of-the-Pipe Compliance Monitoringtrades are being considered.
(KEY TERMS: pollutant trading; polnt/nonpoint source; water quality criteria/standards; water
quality.)

Intr°duc11°L~
Need for Alternative Approach

Malik et oL (1994) have discussed economic aspects of pollutant trading as part of their
discussion of economic issues of the watershed approach for water quality management. This Urbanos and Torno in the overview summary of the Stormwater NPDES
discussion, however, fails to consider important often overriding water quality issues that should
be addressed in any pollutant trading activity. A fundamental deficiency in most pollutant Related Monitoring Needs, Engineering Foundation Conference, August
trading programs that have been proposed is tb~ failure of those involved to recognize the 1994,
difference between pollutnnts and chemical constituents. Basically, Malik el aL have discussed ,
chemical constituent trading. It is important in. any water quality management program to "If we are to acquire this understanding, we must stop wasting
clearly distinguish between those forms of chemical constituents.that are present in a waterbody monitoring resources on the "laundry list" type of monitoring
or its inputs which give rise to a total concentration in the waterbody and those that are present encouraged or required by our current regulations. We must instead
in chemical-specific forms that adversely.impact the designated beneficial uses of" the waterbody. move towards well-designed and adequately funded national and
Chemical Constituenls vs. Pollutnuts regional scientific study programs and research efforts."

Chemical constituents exist in aquatic systems in a variety of chemical forms, only some Davies in Proceedings Engineering Foundation Conference "Stormwater
of which are toxic-available (see Lee ~’r el., 1982). For the purposes of this discussion and in Runoff and Receiving Systems: Impact, Monitoring and Assessment,"
accord with traditional approaches, "chemical constituents" are defined as those chemicals which 1 995
are present in a waterbody or input irrespective of whether they are in chemical forms that
adver~ly impact the designated beneficial uses of the walerbody. "Pollutants," on the other "it is generally agreed that NPS [nonpoint source] problems arehand, are those .chemical constituents that are present in sufficient concentrations of available-

unique and complex, and they will not be resolved as easily as the
relatively simple treatment and standard compliance approaches used
in the PS [point source] program. NPS programs will require

ISuhmi;=ed rot public;hie, in W.zer ae.m, urc~ BullelJ.. Febn~ry (t996). development and application of innovative and imaginative control
strategies, and the program will cost much more than the PS
program."



US EPA May 3 Draft Interim Stormwater Runoff Permitting Approach Potential Water Quality Problems That Should Be Considered

"In order to gsther necassaty information about storm water discharges, irt a Watershed Based Water Quality Management Program
storm water permits should Include coordinated and cost-effective
monitoring pmgrems, such as ambient monitoring, receiving water Aquatic Life TQxicity - Water Column and jar Sediments
assessment, discharge monitoring (as needed), or a combination of
monitoring procedures designed to gather necessary information." Excessive Bioaccumulation of Hazardous Chemicals
"The amount end types of monitoring necessary wgl very depending on
the individual circumstances of each storm water discharger. EPA Domestic Water Supply for Surface and Groundwaters
encourages dischargers and permitting authorities to carefully evaluate
monitoring needs and storm water program objectives so as to select ’
useful end cost-effective monitoring approaches. For most dlschergers, Sanitary Quality - Contact Recreation and Shellfish Harvesting
storm water monitoring can be conducted for two basic reasons: 1) to
identify if storm water problems are present, either In the receiving water Eutrophication - Excessive Fertilization
grin the discharge, and to characterize the cause of those problems; and
2) to assess the effectiveness of storm water controls to reduce
contaminants and make Improvements in water quality." Petroleum Hydrocarbons - Oil and Grease

Focus of Recommended Monitoring Programs on Receiving Water Aquatic Life Carcinogens
Characterization Using:

"Techniques that assess receiving waters will help to identify ff storm
Oxygen Demand

waterprob/ems are present, where these are not known. Techniques
that assess storm weterdfscharge characteristics will help to identify Sediment Accumulation - Siltation, Turbidity, Navagation, Habitat
potential causes of any identified water quality problems."

"Although" municipal NPDES storm water permit applications Litter and D~bris
emphasized end-of.pipe chemical.specific storm water monitoring,
this type of monitoring does nbt need to be repeated during the term
of the permit ff It Is not identified as the best monitoring tool to
support the purpose of the municipality’s stort~ water management
program. ° Evaluation Monitoring Approach (continued~

Problem Definition and Control
Evaluation Monitoring For Implementation of a

¯ Watershed Based Water Quality Management Program Determine the Cause and the Source of Constituents Responsible
for the Use Impairment

Current Water Quality Monitoring Programs are Largely End-of-tha-Pipe
.Edge-of-the-PavemenUProperty’Compllence" Monitoring                             Develop Site-Specific Programs That Will Control the Use

Provide Little to No Useful Information on the Real Water Quality Impairment to the Maximum Extent Practicable
Use Impairments That Are Occurring in the Recalvlng Waters For
the Discharge - Runoff Repeat Evaluation Monitoring Program Evaluation of Each Potential

Evaluation Monitoring Developed to Use Monitoring Funds More Water Quality Use Impairment Every Rye Years to Detect Changes
Appropriately to Define Real Water Quality Use Impairments in the in Activities Within the Watershed That Are or Could Be Adverse
Receiving Waters For the Discharge - Runoff to the Waterbodies Water Quality

Shift Monitoring Emphasis From Discharge - Runoff to Recalvlng
Waters Also to Detect New or Increased Use of Constituents That

Impair the Beneficial Uses of a Waterbody Introduced Into the
All Dischargers, RogulatoW Agencies end the Public Work Watershed
Together to Use Monitoring Funds Available to Rnd Real Water
Quality Use Impairments in a Waterbody

Overall, Evaluation Monitoring Focuses on Finding a Real Water Quality
Where Such Use Impairrnenta Are Found, Assess and Prlorittze Problem in a Waterbody, Determining Its Cause and Significance and
Their Significance Developing Control Programs For Controlling the Input of Pollutants at

the Source



Eva|uation Monitoring foi" Stormwater Runoff Monitoring
and BMP Development

Assessing Water Quality Impacts of Stormwater Runofft
G. Fred Le~ Ph.D’, P.E., D.E.E. and Anne J’ones-Lee, Ph.D..

G. Fred Lee, PhD, PE, DEE (Member)2 G. Fred Lee ,e, ~ates
Anne ~ones-Le~, PhD (Memher) El Mac, ego, California

PH~ 916-753-9630
Abst~ct FX: 916-753-9956

Current "water quality" monitoring of non-point source runoff typically Februa:y 1996
involves periodically measuring a laundry li~t of chemicals in the runoff waters. "
Tlds approach, while satisfying regulatory requirements, provides little to no Abstr~t
useful information on the impact of the chemicals in the runoff on the real water
quality - designated beneficial uses of the receiving waters for the runoff. There This report covers the development and application of evaluation monitoring to highway,
is need to focus water quality monitoring on investigating the receiving waters in urban area and street stormwater nmoffwater quality ms~mgement. A discossion is presented on
order to assess whether the chemicals in the runoff are adversely affecting the need for an alternative approach to the conventional approach ofevaluatlng the water quality
be~efleial uses. This paper pre.~ts an evaluation monitoring approach for impacts of highway and urban area stormwater nmoffon re~elvlng water quality. Information is
monitoring receiving waters that determines whether the runoff is a significant presented on the background to the development and application of slte-specifi~ studies
cause of water quality - use impairments. For each type of use impairment, such (evaluation monitoring) that are conducted on the receiving waters for stormwater runoff that
as aquatic life toxicity, excessive bioaccumulation of hazardous chemicals, identify real water quality use impairments in these waters that are caused by chemical
excessive fertilization, etc., highly focused site-specific studies are conducted to constituents and/or path0genio organism indicators in the stormwater runofE
determine the use impairment that is likely occurring due to a stormwater runoff
event(s) and the specific cause of this impairment. The evaluation monitoring program is designed to replace the conventional %,ater

quality" monitoring programs that are used for measmlng the chemical constituents in highway,
Key words: stormwater, water quality, monitoring, highway urban area and street stormwater runo/Y It is widely recognized that conventional runoff water ~"

quality monitoring provides little in the way ofusefld information that can be used to evaluate the ~.
ln_troduction impact of stormwater runoff" on the benefici~ uses of the receiving waters for the runoff.

Evaluation monitoring sen, e¯ as a technically valid, cost-effectivebaals fur BMP development that ~"
There is growing recognition that domestic and industrial wastewater and replaces the conventional approach that is used to develop stormwater runoff water quality

atormwater runoff "water qtutlity" monitoring involving the measurement of a BMPs. The conventional BMP development apprna~h assumes that detention basins, grassy
suite of chemical "pollutant" panuneters in discharge/runoff waters is largely a swale¯, various types of filters, etc. are effective BMPs in contmllin8 real water quality use
waste of money¯ For stormwater runoff, such prograras generate more data of impairments due to heavy metals, organi~ and other constituents in highway and urban area
the type that have been available since the 1960’s on the chemical characteristics stormwater runofE However, it is now well-known that particulate forms of beavy met,Is and
of urban area, highway and street runoff. It has been known since that time that other constituents that are removed in conventional stormwater runoff. BM~s do not adve~’sely
runoff from these areas contains a variety of regulated chemical constituents and impact the beneficial uses of the receiving waters for the nmofl~ The particulate forms of heavy
waterborne pathogenic organism indicators that exceed water quality standards at metals and other constituents are in non-toxlc., non-available forms. Therefore, their removal in a
the point of runoff discharge to the receiving waters. However, discharge detention basin will not be of benefit to the beneficial uses of the receiving waters for themonitoring provides little to no useful information on the impacts of the stormwaterrnnoff.
apparently excessive regulated chemicals and unregulated chemicals in the
discharge on receiving water water quality - designated use impairment. As Basically, the evaluation monitoring program shit, s the funds that are used for end-of-the-discussed by Lee and Jones (1991) and Lee and Jones-Lee (1994a, 1995a,b),

pipe runoff monitoring to site-specific, highly directed studies designed to fred real water qualitymany of the chemical constituents in urban stormwater runoff are in particulate, use impairments of the receiving waters for the stormwaser runoff. When such use impairmentsnon-toxic, non-available forms. Further, the short-term episodic nature of are found that are due to highway, urban area or street runoff., then BMPs are developed that
control the input of the pollutants, i.e. those constituents that cause impairment of the beneficial

thsvited paper to be p~se~ted at the American Society of Civil Engineers North American Water and uses Of the receiving waters for the sturmwater runoff to the maximum extent practicable. The
¯ EnviroameJst Congress ’96 to be held in Anaheim. CA. June 1996.

~Preside~ and Vk:e-President. respectively. G. Fred Lee & Associates. 27295 E. El ~acen~ Drive. El Macero.
CA 9561~-1005. Ph: 916-753-9630: Fx: 916-753-9956.



Chemical Constituent vs. Pollutant .Development of Technically Valid Watershed Approach
for Water Quality Management

Must Clearly Distinguish Between Those Chemical Constituents Which
Are Important in Adversely Affecting the Beneficial Uses of a Waterbody ¯ Organize All Stakeholders (Dischargers,~ Water Users, Interested

Must Be Evaluated on a Site-Specific Basis Parties, Regulatory Agencies, Etc.I to Develop Watershed Based W~ter
Quality Management Approach

¯ Appoint a Stakeholders Technical Advisory Committee That
Includes Several Individuals KnoWledgeable in Aquatic Chemistry,
Aquatic Toxicology and Water Quality

Selection of BMP’s
¯ For Each Potential Type of Water Quality Use Impairment Within the

Objectives: Control Impairment of Waterbody Uses of Concern to the Waterbody of Concern, Assess What is Known About Its Magnitude
Public in a Technically Valid, Cost Effective Manner and Significance Within the Waterbody and Downstream Thereof

Err Slightly on the Side of Protection
Protect an~i Enhance without Wasting Large Amounts of Public ¯ Develop a Data-Information Gathering Program to Fill Data Gaps on
and Private Funds Current Water Quality Problems Within the Waterbody

Is There Aquatic Ufe Toxicity in the Ambient Waters?

Do Fish and Other Aquatic Life Have Excessive Concentrations of
Bioaccumulatable Chemicals?

’ Is There an Impairment of Contact Recreation or ShellfishEvaluation of the Efficacy of BMP’s
Harvesting Due to Excessive Concentrations of Fecal Indicator

Current Approach Organisms?
Across Structural BMP or Before and After Chemical Input Control

Is The Use of Water For Domestic Water Supply PurposesNot Technically Valid Focuses on Chemical Constituents Not
Impaired?- Consider Both Surface and GroundwaterPollutants

Valid Approach Is There Excessive Growth of Algae and Other Aquatic Plants?

Are the Sediments Toxic to Aquatic Ufe?Must Focus BMP Efficacy Evaluation on Receiving Waters Changes
in Beneficial Uses

Do the Sediments Serve as a Source of BioaccumulatableNot the Same as Chemical Constituent Changes                       Chemicals That Impair the Beneficial Uses of the Waterbody?

Do Low Dissolved Oxygen Conditions Exist in the Waterbody?

Is There Excessive Trash and Other Debris, Oil and Grease, Etc. ?
(contlnuesl



Development of Technically Valid Watershed Approach .Development of Technically Valid Watershed Approach
for Water Quality Management (continued) for Water Quality Management (continued)

¯ The Stakeholders - the Public Should Prioritize the Water Quality            ¯ Implement Pollution Prevention Program Designed to Detect
Use Impairments Within the Waterbody In Terms of Their Importance Potentially Emerging Problems ,
to the Public Considering Any Legal or Other Constraints That Exist on
Water Quality Management Approaches Within the Watershed Focus Pollution Prevention on Control of Pollutants Not Chemical

Constituents Irrespective of Whether They Are Potentially Adverse
The Proper Prioritization of Both Near-Field and Far-Field Water to Water Quality
Quality Impacts ~Within a Watershed May Require Acquisition of
Additional Information That May Not Be Available ¯ Repeat the Evaluation Monitoring Approach for Each Potentially

Significant Water Quality Problem Every Five Years
The Prioritization Should Be Reexamined Every Few Years, i.e.,
Five Years to Incorporate New Information That Has Been Overall, Approach Is Technically Valid and Cost-Effective
Developed and Chbnges in Use of the Waters Within a Watershed

Utilizes Current Understanding of Factors Influencing the Water
Quality Significance of Chemical Constituents in Aquatic Systems

Development of Technically Valid Watershed Approach
for Water Quality Management (continuedl

Overall Approach to Implementation of Evaluation Monitoring
¯ Assess the Current Information on the Causes of Water Quality Use
Impairments Within the Waterbody                                         ¯ Work with Dischargers, Regulatory Agencies and Others in Defining

Existing and Potential Water Quality Problems of the Receiving
If There is Aquatic Life Toxicity, What Constituent(s) is Waters for ETC Runoff, Prioritizethe Significance of these Problems,
Responsible For It? Define How the Available Funds Will Be Used to Address these

Problems
Do Not Assume That Exceedance of Water Quality Criteria - ¯ Define Real Water Quality Use Impairment(s)
Standards For Potentially Toxic Chemicals Represents a Real ¯ Determine Cause of Water Quality Problems
Water Quality Use Impairment - Use Toxicity Tests and TIEs ¯ Determine Source of Constituents that Cause Problems

¯ Work with Regulatory Agencies and Others in Development of BMP’s
¯ Through Forensic Analysis, Determine the Specific Sources of the to Control Input of Constituents Responsible for the Water. Quality
Pollutants That Cause Water Quality Use Impairments Within the Impacts to the Maximum Extent Practicable
Watershed That Are of Sufficient Magnitude to Require Control ¯ Cycle Through the Potential Impacts Every Five-Year NPDES Permit

Period
¯ Develop and Implement Site-Specific Control Programs For Each of
the Sources of Pollutants That Significantly Impairs the Near-Field or
Far-Field Uses of the Waterbody

Focus Control Programs on Sources Rather Than Trying to Treat
Stormwater Runoff From Urban Areas, Highways and Rural Areas
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Development of Technically Valid Watershed Approach .Development of Technically Valid Watershed Approach
for Water Quality Management (continued) for Water Quality Management (continued)

¯ The Stakeholders - the Public Should Prioritize the Water Quality            ¯ Implement Pollution Prevention Program Designed to Detect
Use Impairments Within the Waterbody In Terms of Their Importance Potentially Emerging Problems
to the Public Considering Any Legal or Other Constraints That Exist on
Water Quality Management Approaches Within the Watershed Focus Pollution Prevention on Control of Pollutants Not Cher~ical

Constituents Irrespective of Whether They Are Potentially Adverse
The Proper Prioritization of Both Near-Field and Far-Field Water to Water Quality
Quality Impacts .Within a Watershed May Require Acquisition of
Additional Information That May Not Be Available ¯ Repeat the Evaluation Monitoring Approach for Each Potentially

Significant Water Quality Problem Every Five Years
The Prioritization Should Be Reexamined Every Few Years, i.e.,
Five Years to Incorporate New Information That Has Been Overall, Approach Is Technically Valid and Cost-Effective
Developed and Changes in Use of the Waters Within a Watershed

Utilizes Current Understanding of Factors Influencing the Water
Quality Significance of Chemical Constituents in Aquatic Systems

Development of Technically Valid Watershed Approach
for Water Quality Management (continued}

Overall Approach to Implementation of Evaluation Monitoring
¯ Assess the Current Information on the Causes of Water Quality Use
Impairments Within the Waterbody ¯ Work with Dischargers, Regulatory Agencies and Others in Defining

, Existing and Potential Water Quality Problems of the Receiving
If There is Aquatic Life Toxicity, What Constituent(s) is Waters for ETC Runoff, Prioritize the Significance of these Problems,
Responsible For It? Define How the Available Funds Will Be Used to Address these

Problems
Do Not Assume That Exceedance of Water Quality Criteria - ¯ Define Real Water Quality Use Impairment(s}
Standards For Potentially Toxic Chemicals Represents a Real ¯ Determine Cause of Water Quality Problems
Water Quality Use Impairment - Use Toxicity Testa and TIEs ¯ Determine Source of Constituents that Cause Problems

’ ’ ¯ Work with Regulatory Agencies and Others in Development of BMP’s
¯ Through Forensic Analysis, Determine the Specific Sources of the to Control Input of Constituents Responsible for the Water Quality
Pollutants That Cause Water Quality Use Impairments Within the Impacts to the Maximum Extent Practicable
Watershed That Are of Sufficient Magnitude to Require Control ¯ Cycle Through the Potential Impacts Every Five-Year NPDES Permi[

Period
¯ Develop and Implement Site-Specific Control Programs For Each of
the Sources of Pollutants That Significantly Impairs the Near-Field or
Far-Reid Uses of the Waterbody

Focus Control Programs on Sources Rather Than Trying to Treat
Stormwater Runoff From Urban Areas, Highways and Rural Areas


